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SUMMARY 


Rocket instabpiiity is aot very weil understood in liquid 
propellant rockctse Ffropellant vaporization is one rate 
controlling process in the combustion process. The object 
of this investigation was to investigate the effect of 
eonic vibrations on liquid drovs in spreys and licuid jets. 

Difficulties were encounterea in obtaining « suitable 
source that would give hich intensity sonic vibrations. 

A lowispeaker unit was usec to crive a resonant tube. The 
eifects on liquid jets wore photograpned and interpreted. 


High speed phetography was enployed to observe the phenomena. 
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GES. RAL DESCRIPTION OF THE COWRUSTION PROCESS IN A 
LIGUID PROPELLANT ROCKET 

Consider a rocket chanber into which a combination of 
propellants such as kerosene end liquid oxygen sre introcuced. 
Reaction will only occur in the vapor phase of both propellants. 
To make the test uve of the chenber the propellants must be 
uniformly distributed in the chamber. If the chemical reaction 
is to ve as erficient as poesible mixing of t.c »repeliants must 
be complete and uniforme /ssuming both propellants are iiguids 
they must be vaporized and ignited. In order to make use of all 
the energy available to produce thrust it is desirable that the 
reaction be completed within the chamber usince stoichemetric 
proportions of the ~ropellantse | 

Two types of injectore used for such a biepropeliant system 
are impinging jets and showerhead type injectors with «alternate 
atomigzers introducing kerosene and oxygne The liquids ere atamised 
in omder to expese a larre surface erea for ranid vanorizaticn. 

Initial ignition may be aecomplished by a pyrotechnic ayuib 
Or a spark. Continuous ismition is maintained by recirculation 
ond diffusion of hot gaseous products or combustione 

The reaction of the two liquids result in the penoration of 
heat and gaseous products of combustion. This expansion process 
rapidly aceeleretes the gases in the chamber toward and through the 


noszle of the rocket. The expulsion of the gnses produces the thrust. 
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in the use of self-igniting biepropellant s)stems such as 
nitric-acid and unsymmetricel dimethyl hyédrasine it is normal 
preectice to use impinsing jets of unlike iiquids. Flames occur 
wapidly upon econtacte <A certain amount of mixing and reaction 
is aceoemplichec. in the Liquid phase but the Jiguids are thought 
to be largely vuporized prior to reaction with mixing anc reection 
occurring mostly in the vaporized state. evertheless these 
processes of vaporigation, mixing, and ipnition are facilitated. 

The use of a monopropellant such as nitro=methane makes 
mixing unnecessary. towever atomization, vaporization, distribution, 
and ignition are necessary. 

One of the approximations used in the analysation ~f the 
combustion proecss in constructing a model is thet the reaction 
takes place instentencously. Thus, in en idealized model a source 
er sources of heat anc gas can be assumed at a certain axial 
Location in the combustion chomber. In reality the combustion 


woecess is a gradual one. There is a time lag between injection 





and reaction or ignition. ‘This time lag moy be thought of and 
expressed as 2 space lag (ses figure 1). in an actunl rocket there 
is much turbulence in the conbustion chambere Due to this turbulence, 
veriations in vaporization and reaction rates, there is a variation 
in time lag for various elements of propellants. In fact the 
physico-chemical processes during combustion in rocket engines is 

so complex it is very nearly impossible to rive a quantitetive 


des=ription of then wees. 
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In recent years there have been a numer of experimental and 
theoretical studies carrie out on the birning characteristics of 
G@mops and fuel sprayte In renersal vaporization is proportional 


te the surface area or for a drop: 


yee De + Kt 
where Do is the initial drop diameter, D is the diameter at time, ty, 
and K is the evaporigzation constant. ‘he evaporation constant is 
indevendent of the diemeter and is cefined by the relation: 

K = hite/aD p, 
where mp is the mess burning rate of the fuel and p, is the density 
for e Gropiet of diameter T. 

Mueh work has been done on leminer flrses. However the useful 
flames encountered in a combustion chamber are turbulent and thus 
far there is little theoretical work concerning turbulent flanes. 

In reference 18, 0.0. “iesse ciseussed combustion of a liquid 
fuel spray. te investircated the effect of atomization on combustion. 
His assumptions were; ls that tie propellants react only in the 
vapor state, 2. that the prepellent vapors rerct os ec singie 
chemical evtstence, implying thet perfect mixing is e fected 
immediately upen verorization of the spray, and 3. that the system 
was isothermal. In this resort Eiesse shows how atomigation e’fecte 
the burnings rate and how performance veries with burning rate and 
atomization. 

He also found that the assumption mde by some concerning 


diffusion flow of oxidizer vopoer in teward the fuel croepliet leads 


/ to 
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to a constant flame drop radius ratio, is not verified by experiment. 
He found that FPlieme drop radius ratic apevenses with the dcdianeter 
of the Crone 

biesse concluded that the performance of a licuid propellant 
Pocket is dependeat uyon two dimensionless groups which are equal 
to the product of the reaction frequency (reaction rate) and fas 
residence time or droplet lifetine. An inereuse in either of these 
leads to higher performance. 

Priem and Heidmenn in reference 19 caleculeted vaporization 
rates for five citferent tprovsllents es sorays in a liquid rocket 
eChanver. For injectors for which dron size covild be ealculatec 
combustor lengths calculated were in very coon aproemnent with 
experimental results. Variations in perfcrmance could be expJained 
by variations in vercent ot propellant vaporized. Their results 
indicate thet combuster efficiency can be precicted from a model 


based on propellant varcrizaticn as the rate controlling process. 








INSTABILITY IN A LIGUI" "ROPELL-IrT ROCKET 


Experimental observations of combustion in liquid rockets have 
shown that the process is always rough or, using another tuorm, 
turbulents Reaction is ranid and intense heat is genrrated. If the 
eévere curbulence is random the process is termec "smoo.ch combustion”. 
The noise involved in snooth combustion is termed “white noise". tL 
by Bome means some frequency is emplified the combustion is termed 
"pough". In some inttarces ef rough combustion the amplitude of 
pressure fluctustions reaches c maximim dnd stabilizes eo that the 
operation of tie rocret may not be seriously impairede In other 
cases the roveh cembustion mey be unstable to such a degres that the 
Potuet i6 burned out or caused to Pail %: to Tailure of soe 
estructural part, the feecing sistem, or the controive 

Random turbulence and turbulent combustion is desirable in a 
rockets Continuous ignition anda the high reaction or vurning rates 
required would net be possible without the severe turbulences 


One form of rough combustion or instability is termed "chucginc”. 





ing refers to frequencies lesc then 100 sycles per seconde it 
is thought to be caused by resonance in the feeding system and often 
couples with the oscillations in the ehanmber. Chugcing ean be 
disastrous. Resonance in the feeding system means fluctunting fuel 
pressures end therefore remular varictions in fuel mass flow rates. 
Chugging can occur duc to resonance in tie chamber itself wit out 
coupling with the feed system. At these lew freovenc)es resulting 


peak pressures and temperatures are often preat cnourh to burn out 
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the rocket combustion chamber. This type of instability can 
usually be prevented with proper designe However, in increasing 
the cize of a roekct, sealing factors are complex and it is 
@xtpoemely difficult te use performance Gata fron o smaller rocket to 
Gewign a larce one. 

For osciliations from 100 cycles per secone to several thousand 
the term "screaming" is used. Due to the high inertia of a licuid 
prepellent as compared to that of a gas or vepor it is unlikely that 


ecreaming in a combustion chamber will couonle with vibrations in the 


feeding systen. Sereaning me lower the werfornmancse of the rocket or; 


if severe enough, cause failure of the rockcte 

There are many reports on studies and experiments coneerming 
vaporization of droplets and fuel sprays, and burning rates of 
fuelsés llowever most of the reports conecrn studies of cvaporation 
rates end burning in still air or very low turbulence. ‘The 
mechanics of unstable combustion in a liquid rocket chamber is 
extremely complex involvine mony variables. 

Linearized perturbation unralysis shows thot ra.dom disturbances 
28 @ GOmbustion chamvwer can ve separated inic three modes that in 
first order cpproximations are independent of each cthere These 
are: (1) a pressure mode (random sound), (2) a vorticity mode (eddy 
turbulence), and (3) an entropy mode (termerceture and density 
fluctuations). The interaction of these modes is very complex and 
not very well understooc today. 


Figure 17 (28 pictures on three sheets) is a reproduction taken 


from a Rocketdyne report on unstable combustion (see refcrenc> 25). 
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Reference 25 incdientes that high-frequency instability requires 
a “trPigvering" action und ignition is oft n the trigger. If curing 
ignition there is not sufficient cuerpy to ignite nil the 
@ombuctitles, the part of the mixture not iguitecé tends to accumulate 
in some area of the chumber. ‘when finally ignitec it will then 
form a small expiosion. This exvclosion may start a cetonnticn 
which will propagate through the rest of the already burning 
propellants ord thus trigrers instavility. 





SPYECTS OF NOISE ON LAVUTD CRTS AND LIQUID DROPS 

Reference 15 gives 1 fairly complete trectment of sound and 
related vilbrationse In volume <' the vehaviess of jets of liquid 
iguuing from wn orifice in a flat plete under pressure is discussed. 

ft Lov velocities o leminar jet oF Lliguic breaks up into crops 
Dy @ meCitw:iem referred to as varicositye The strean cevilopse small 
bimaps along the length of ite Surface tension finally eavees the 
stream to vreuk up into near uniform drops, tine diameters of which 
ere equal to the diameter of tne jet (see figure hk). 

A laminer jet of liquid issuing from a sharn e)sed cireuler | 
orifiee ean be thouvugnt of as a cylindrical colwmi of fiuic neld in | 
ohawe by surface tension forcet. Vilocity of the fluid times the , 
eross sectional aren is a constent. Any disturbance will cause the | 
Colum to ¢evelop weaves. These waves will be sten@ding waves. They 
Will eppear stationary in relation to the crifviece so long as the 

Plow rete om constant. The wave length ef these fluctuations is 
@eotermined by tue pressure drep across tie orifice. 
Any irregulavity in the orifice will be accentuated by the jete 


fe @Hiptical orifice will cause 2 wave to form. The fluid will first 


form into a circular cross sectione The eross section will then 
become elliptical again with the major axin lengthened, and rotated 
30° to the major axis of the orifice. lhis process will repeat 
iteelf and tite stream approaches a flat sheet of fluide The velocity 
of the jet for a certein elliptical orifice will determine whether 


the jet forms drops by varicose growth of crops, or from sheets of 
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fluicse If the velocity is relatively high the first accentuated 
@llinpse will be a sheet of fluid ane break up into drops. 
& regalar polygon of three sites or mere forming on orifice 


Will form a number of s cets tgual to the nurber of sides and the 


sheets wili ferm in plenes perpendiculer to the sides of the polyron. 


This action is dependent on the velocity of the jets 

In order to obtain a solid column, or jet, of fluid the orifice 
mst be sharp edged. If not, tne jet will be slowed in the boundary 
layer due to friction.e The resulting velocity profile across the 
jet will not be constant unc vurbulent flow will result with drops 
forming rapidly. ‘The siue of these drepe is originally ceternaned 
by the size of the jet. iowever the stebility of the large drops 
formed will depend on the velecity of the yet througi. the air or 
ED SEGe 

The effect of sound on tne jet ané cvors will @Gepenc on 
frenuency end arpplitude. If the weve Jergth of the sonic vibrations 
ip eawal to or smaller than the diemecter of the jet the jet will 
form Grops much quicker. Urops whose diameters are equal tec oF 
Smaller than the wove length of tha scund 1111 ve unstabze and 
Yoepidiy brenk up into smaller drops. If the wavelength cf the sonic 
vibrations is large the break up of the jet, end crops, will be due 
to friction vetween the fluid end the eir due to velocity 
fluctuations. 

In reference 17, Richerd J. Priem ceserives the cifeet of shock 


waves upon liquid jets and drops. He found that the vreak uo of 


/ jets 
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jets and drops wes a function of the relative gas velocity. In 

the paswbage of a Single shock wave the shock had little immediate 
effect except to slightiy flatten the stream or drop. A series of 
phetographs taken with a high speed cemera ore in the report. They 
show this effect and the greater effect of the high velocity gases 
behing ths shock waves The high speed geses rapicly and gradually 
distort the jet and break up drops ebove a eritical sise depending 
On Pelative velccity. Gas velocities of 27C Teet per second :re 
reported to break up drops above 150 microns in diameter. At 

UO fect per second the critical size of the drops is 600 microns. 
AS weuld be expected the shock had tice greatest e*fect when acting 
perpendicular to the flow direction due to the greater area exposed 
20P a unit mass acted upon. Priem reportec that the e: fect of 
ehocks uron impinring jects onc the licuit cheets Pormed was to 
Puffle the cheet and lirements extending from ite The e: fect was 
not extreme even When the shock was perrendicular to the sieete 
Newever, a reflested shock pessing theee thocnancths of a second 
tater broke the ruffled shect aml Crepe inte o Tibe mint 14 the way 
DaGK to the point of impingments The pictures in the renort indicate 
the second shock is very effective, whether the shock is perpendi= 
@ular or parallel to the sheet. 

In a secona series of pictures the moint of inpinrement is much 
closer to the wall reflecting the shock. The e‘fect. of the second 
shock is mach diminished indieating the duration of tie high 
velocities behind the oricinol shock eetine on the sheet of liquid 
vas important. 
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Priem reports three staces of breakup: (1) Veveloprent of 
surface cisturbaices, (2) fir friction and pressure on pure liquid 
t6 produce ligaments and drops, and (3) break up of the liraments or 
large crops by reletive air flow. 

Reference 17 determines drop sige distribution data for n- 
heptene srrrcys pro@uced by pairs of 90° impinging jets in airstreans 
over runges of orifice diameter, D4» the liquid jet velocity Va9 and 
velocity difference vetween the airstream and liquid jet AV. The 
effects of orifice diameter, liquid jet velocity, and the velocity 
Gifference setween the Liquid jets and eairstreams on the volume mean 
drop diameter Dao are fFiven in the report eas: 

DYDag = 246k Jas + 0,27 D4 AVe 
Ds and Duo GPs @xpressed in inches ana the velocities in feet 
per seconde ' V/s 
Dag = (< nD-/< a) 

where nis the number of drops in a given size rémge, \ De 

In reference 16, ReP. Fraser comperes aethods cf a.omization. 
He coucluces thvt for swirl wpray inxectors ilow is proportional to 
(injector @iameter)°/3 for constant Lliquic pressuree Yor constant 
injector size flow increases proportional tc the syuare Poot of the 
pressure and drop size decreases pronorticnsal to the syguare root of 
the pressure. 

Fraser discusses twin-fluid atomizgers in wnich a hign velocity 
gas stream is made to impinge on the liquid cither externally or 


Within the body of the atomizer. 
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Meise mey also affeet eveapernmtion. In reference 23 it was 
reported that high frecuency fiuctuaticons increased the evaporation 
Yate for cumene by 50% at standeré temperature end pressure. ‘The 
frequencies were ultrasonic. The @rop tested was \erge and was 
Svepended on a screene 

The explanation for tne high increase in evaporation rate had 
to do with agitation of the surface of the large Grove. Under a 
aderoscope the drop was reported to show visible agitation on the 
surface. I[t is probable that turbulence in small local areas 
around the drop eccelerates evavoration by rapidly carrying the 
Vapors formea away ana ty Keeping the curface of the drop free of 


the insulating e: fect of a film of 100% vapore 
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EXPERIMENTAL PROBLGNS AND SOLUTIONS 

The initial object was to exnerimentally determine whet cffect, 
if any, intense sonic air vibrations hed on jets ana drops at 
atmospheriz contitions. The Gesigm anc construction of o rig to 
preduce a jct or opray wee not ‘ifficulte 

An ennty nitrogen bottle of «..bout 365 euocic feet displecenent 
capable of holding nitrogen at 1600 peSele Was used as a pressure 
source. A YuLl nitrogen bottle Tas connected throush a 10 to 1 
mressure reducing valve to the empty bottle. An o1d eirecraft 
pressure bottle of approximately 2 gallon eanecity was used as a 
fuel tank. One quarter inch copper tubing was used to connect the 
pressire source through a valve to the fuel tanke One cuorter inch 
copper tuting connected the fuel tank to e standard fitting in which 
a circular flat pinte was fitted with a sherp edged circular orifice 
in it. A fuel fiiter and a quick acting on-off valve was inserted 
in the line between the fuel tank and the orifices Tre pressure 
gaugee were fitted. Cne read pressure on the pressure source and 
the other reac the pressure et the fuel tenk. 

Three sizes of orifices were used, 1s€. e010, 2025, ond «959 
ineh diameters. ‘The capacity of the pressurizines system was lorce 
enougn that the drep in pressure curim:; u chort run was considered 
insignificent. One svirl type atomiser wns used with an orifice 
e915 inches in diameter. fn o121 Arum with the top cut ovt wus used 


tG entch the fuel (water) issuing from the jet ( 
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SOUND SOURCE 

The problem of producing intense sonic vibrations in the manner 
desired was more difficult. If possible a standing wave was desired. 
In this way it could be more reasonable to believe that any effect 
on tne jet or spray would be due to the sound and not due to 


relative air velocity of a stream of air as mey come from a sirene 





The siren is one of the best means cf producing intense sound at 
the frequencies desired. 

Reference 25 mentions production of sound using a "Singing 
flame", Some simmle experiments were carried out using a bunsen 
burner and a two root length of copper pipe. If a wvunsen burner | 
with a metal gric Plame holder is adjusted to give a flat flame and | 
& pipe is lowered over the fleme a load noise or sound will result. 
Attempts were made to inerease the output by matching the resonant 
tube to the feed tube, but tunis was not very successful. inhen the 
gas in the feed tube appenred to resonatinz: in phase with the air | 
in the resonant tube the fiame on tle bunsen burner was extinguished. | 
In addition the flow of hot air through the tube was considerable. | 

If a wire sereen is pliz2ced in a resonant ture about the one 
querter length Son itien, ead! nented until it is rec hot, the tube wild 
6mit a load sound is it cccise The tube must vc in some position | 
ether then horizontal so that air flow is induced by heating. The | 
air is given om impetus as it passes up through the sereen due to 
heatings As the flow changes and passes in the onnosite direction, 


hot air flows past the hot screen and no impetus is given to the air. 
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As to how the sonic fluctuations start it is cifficclt to save 
Nevertheless, a lond soun!’ is emittec. The mechanism sppeers to be 
the same for the singing flame. Perhans the fisames and the cooling 
wire screen are the source of the sound amplified by the resonant 
tube. The length of the tube and the eosition of the flanes or 
wire determine the fre vicnecy. 

Reference 2 deserives e water hammer device for use ee a 
mechanical means of ottaining Large ammlitvdes at the frequencies 
Gesirecd. Such a device would be lorse and heevy. 

The feasibility of using an orcilery loudsnpesker die not seen 
likely. It wos found however that by removing the hern from a 
speaker and rovilacing it with a resonznt tube, lerse amplitude 
stemdins Waves could be realised. When the frequeney of the 
Gdiephfagm cf the speaker wes twec to tre resonsnt frequency of the 
tube the output was noticeabiy inereasc’. 4 funnoy Type Bb=5 
Speaker vas Titted with an 61 inch resonant tube. The speaker was 
eonnectec to on electronic oseillatoer and omplificr. The sound 
produced did cause a jet of water to dePlLect end forn what anpeared 
to be a sheet of large drups (see figcre X). 

it was soon Ciscoveree that the capacity of the epecaker was 
not limited by the maximum power fed to it. /t resonance frequency 
for the resonant tube the coil of the speaker pulled away from the 
diaphregn it was moving. This was overcome by securing the coil 
to the diaphragcn with ao stroncey cement then that weed by the 


manutacturers 
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An improvement was made to this arzsangement by placing a eap 
over the open end of the resonant tube and cutting e 1/4 ineh slit 
in the end of it one inch long. The tube then ected as a helmholz 
resonator, cnc produced a resultant pulsing flew of aire Air 
flowing, out of the tube formed a jet in the shape cof the slit. 
hen the flow reversed and entered the slit the air rushed in fron 
all @ipeetions. Using a pitot tube and a water menometer, 5e5 
inches of negative weter vressure was neasured ot tue edge of the 
Slit ond 5.1 inches of positive pressure was moasured in the 
pulsing stream of air close to the 311%. This was at a frequency 
of 500 cycles per second. In the plene of the slit the average 
pressure WaG TCTO6 

By placing 1/2 inch metal guides on either side of the slit 
the static presew'e measured with the pitot tube was nearly sero, 
whide 2.5 inches of positive pressure wes measured in the pulsing 
stream outside of the metal guides, and 5.1 inches of nerative 
pressure was measured at either end of the slite 

By directing the jet of water tetween the two metal guices 
the positive and negative fluctuations were nearly cquale This 
then was nearly e standing wave. ‘the effect on a jet of water was 
considerable. 

Measuring the intensity of the sound eccurately is a problen 
that is solved by the aircraft industries by using ean expensive 
eondenser microphone ana electronic equipment. It isa possible to 
design a relatively simple piece of equipment that should be 
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A suggested device vould consist of a pitot tube, a manoncter, 
and en air chamber. Mount the pitot tube in a tight chanber with 
the tip of the pitot tube centered in a small hole in the cnanmber. 
Comnect one end of the menometer te the chenmbor ond the other end 
to the pitit tube. The pitot tube should reac only positive 
velocity fluctuations (ece figure 2). 

PHOTOC RAPHY 

Photesranhing the vhenomenon is net difficult once a tcchnicue 
is @stablisned 1% was desirec to resolve croplets if possible. 
Aeecoraing to reference 22 the equipment neeved would be a point 
source of light, a lens, ané some fast film Fortunately there 
existed in the Propulsion Denertnment a snark fpenerntor ideally 
Ssuitec for this application. The curation cf the sverk vas less 
than two micro-secondse the hotorgrerhic Denertzment furnished a 
lens with a 12-inch focal point ané « fast fine grein fiim (kodak 
Commercial Ortho 8 ASA). 

it was relatively Ssimpie (o loewuit tne epee et O17 Poeal 
point of the lens anc thereby obtain parallel limite The pictures 
taken were disappointing. Some were very food, but many had doubiec 
images ond strange shadows. At first thie was blamed on the spark. 
Much beticr results were obtained by placing the spirit cbout 
28 inches from the jet or spray and the film 2 inches from the je 
CY epr@y, and coing away with the lens altogether. Shadow-renhs 
obtained in this way were clesr and resolution was fsoode 

A high speed lastex camera was used to obtain moving nictures 


of the phenomenon. The rastarn is capable of sx ecds un ta 8000 
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frames per second. After three unsatisfactory attempts a technique 
was established thst gave good results. 

A General Llectric flood lamp was focused throvgh the 12-inch 
focal length lens on the plane of the camera lens focal point and 
positioned so that the element of the flood lamp fell across the 
lens of the camerso. By looking in the carera eye-piece one could 


ascertain when the lens was flooded with wiiform bright light. In 





order to obtain sharp pictires 1% was necessa to insert into the 
Camera a motai piece with a slit in it thet cut the aize of the 


pieture to 1/3 its normal coverage. igire 9 «a an! B show the effect 


or this slits. Camera spcetd usec was 4500 Tranmes per seconde Cood | 


results were ottelinet with Tiferd Paen-S, 2hASA film end Kodak X, | 


80ASA film. 


BaDULTS ai: 


The photographs ot figures \ anc By contiru the nature of 
droplet formation in ea strean of tleild as outlined in reference 15. 

Figures 6 through 15 ore graphic evidence thit senic vibrations 
a0 effect  strean of water. Figures 7, & %, 16 on? 15 sive an 
indieation of the mechenism of this ef'fect. t the frequencies used, 
the velocity fluctuations ere strong enouch tc bolily move the streen, 
A% peak velocity it is enough to Lredi the lorecr Crens in the strean | 
into smaller drops and ligaments cue to friction of the aire 

Pigure & shows thet troneverse velocity is imnoertee to a solid 
stream ot the end of the reschant tube which spreads the stream ond 


allows ives own velocity differential with the surrouming air to 


/disrupt 





disrupt it an" couse break up. 
BISCUSSIGN AVD PUTURE POSSIBILITIES 

Yiguve 12 is a series of high speed photographs of a pair of 
impinging jets with sonnd ot a freqveney of 1:90 eyeles imoresseda 
Oh one of the jetse Aithough not clear ir the photos, the effect 
was to cause the jets to miss one another et intcrvajs so that 
pulses of solid ctream did not impinge. 

fhe results obtained ere not surprising in view of reference 15 
anc. other reports. However, the magnitude of the e/feet on a jet 
of fluid was more then was expected. The offeet on drops and jets 
im a combustion chamber may well be much greater. 

A6 2 possible future first step it may ve interesting to 
observe the effect of a second sound source on the jet and drops 
after they heve been Jisrupteé by the first one. f sound wave 
impressed om the strean 90° to the first nay produce fairly uniform 
dpopse The phenomenon observed in the photographs in this report 
appear to be in one plene. Aetunlly, the sound had a tendency to 
Spread the citream, or flatten it in © ploue perpendicular to that 
of tie photogranhsBe 

The use of two resonant tubes as helirhols: resonators with the 
tubes end to end and connected by parallel f1ct strins of elaes 
couleé emplify the effect observed in the shotorrerhs of this renort. 
The two speakers usee would be operated at identical frequencies 
90° Out of phases - stream of water °irected between the two pieces 


of flass would pass throush « standing wave of sound. 
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Since 1t is definite that sonic vibrations cen effect a 
stream of fluid anc lurge drops, it may be worthwhile to build a 
pressure chamber in which sonic vibrations coul be impressed on a 
Streean of fiuid and crope. NWigh pressure and temperature of the 
atmosphere into which the stream of water is flowluge may have a 
lerge e fect on the ection. 

Vrom reference. 17 and others, it apoearw thav for a certain 
relative oir velocity there is « certain critieal size for drops 
above which air friction will gradually and ranidly break up the 
@fop into suicritical Grops. It 15 now unreasonable to believe 
that proper use of s@mic vibrntions right wel? be use? to atonise 
fuels and seeure uv uniform drop size. If not uniform, at least 
assure a certain maximum (rop singe. 

TO investigate e feets of gowns on *TOMeration rates, a 
VOletile Liquid such of ether could bo weed. Orovs at a certain 
@istance from the injector conle be oceompare€e with and without sound 


by the use of phetepranhy. 





GALCULATIOV OF DISOMARPAR AMT VELOCITY OF TICCTARGE FOR 
A CIRCULAR ORITICEH 

Yor gauge pressure of 109 psi. 4p = 100 psi. 

h = p/w, where w 624 lb/ft? (water) 

Prom reference 21: Obtain Ce, and Cy. 

Vv = Cy -2 gh = velocity of jet 

Ag = C, A = area of vena contracts. 

A = ares of orifice 

G = Ag V = flow rave 


Min) c, Cy A(in®) Ag ( ine} V(@t/cec) G(Ft?/see) 


#010 067 0663) TExT0™4 =. 5c221074 7 207 9x107> 
#015 39 667) eB) e9x20™4 «r.e7x1074 =—so77 5635x1079 
005 166 062 4198 0135 7505 6097x107 


GALCULATIO) of bid mv PILAIMNCY POR AW Gee THIN TUE 
CLOSED AT ONE EID 
fe (Qn + i)e/4i 
Where: f = frequency, n = ony interrer, c = velocity of sound, 
@nd 1 = corrected length of pipce 
® = 1119 ft/secs 1 = 10 inches 
f = 1221110 (2n + 1)/40 = G6on * 335 
“Por mh = lp2,5: ff = 999, 10655, and 2331 
@ varies with humidity. Thus tness velucs ave approximte. 
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